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PREFACE

This report provides coastal engineers with documentation necessary to
compute the longshore energy flux used in sand transport rate calculation when
random waves are present and synchronous data from two closely spaced pressure
transducers exist. The documentation is based on a 3-year data collection
effort and study of sand transport rates at Channel Islands Harbor, California.
The computer program documented herein was used in wave data analysis for a two
pressure sensor array installed in 30 feet of water at the site, The work was
carried out under the U.S. Army Coastal Engineering Research Center's (CERC)
Littoral Data Collection work unit, Shore Protection and Restoration Program,
Coastal Engineering Area of Civil Works Research and Development.

This report was prepared by Dr. Todd L. Walton, Jr., Hydraulic Engineer,
CERC, and Dr. Robert G. Dean, Department of Civil Engineering and College of
Marine Studies, University of Delaware. Dr. Walton worked on the project under
the general supervision of Dr. J.R. Weggel, Chief, Evaluation Branch, and
Mr. N. Parker, Chief, Engineering Development Division.

Technical Director of CERC was Dr, Robert W. Whalin, P.E., upon publication
of this report.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th Congress,
approved 31 July 1945, as supplemented by Public Law 172, 88th Congress,
approved 7 November 1963.

E. B¥SHOP

Colonel, Corps of Engineers
Commander and Director
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CONVERSION FACTORS, U.S. CUSTGMARY TO METRIC (SI) UNITS OF MEASUREMENT

U.S. customary units of measureme'l used in this report can be converted to

metric (SI) units as follows:

Multiply by To obtain
inches 25.4 millimeters
2.54 centimeters
square inches 6,452 square ceuntimeters
cubic inches 16.39 cubic centimeters
feet 30.48 centimeters
0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
mi les 1.6093 kilometers
square miles 259.0 hectares
knots 1.852 kilometers per hour
acres 0.4047 hectares
foot-pounds 1.3558 newton meters
millibars 1.0197 x 1073 kilograms per square centimeter
ounces 28.35 graas
pounds 453.6 grams
0.4536 kilograms
ton, long 1.0160 metric touns
ton, short 0.9072 metric tons
degrees (angle) 0.01745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins!

1To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use formula: C = (5/9) (F =32).

To obtain Kelvin (K) readings, use formula:

— e e L ey




SYMBOLS AND DEFINITIONS

Fourier series coefficients

distance from bottom to pressure sensors

wave celerity

cospectrum value

total water depth

breaking wave depth

wave energy density

complex Fourier coefficient

discrete frequency value

ratio of rms breaking wave height to breaking wave depth
acceleration of gravity

breaking wave height

counting indexes

dynamic pressure response factor

wave number

wavelength

sensor spacing

index to account for gage anumber

total number of discrete data points

frequancy number, argument of Fourier series coefficients
longshore energy flux at the surf line

pressure time-series values

dynamic pressure

quad-spectrum value

ratio of unwindowed energy density to windowed energy density
complex cross—-spectrum value

length of time series record

high frequency cutoff period

weighting coefricient

water surface elevation

gage orientation angle

specific weight of seawater

wave direction

average mean depth of water overlaying pressure sensors
frequency step

time step

angular wave frequency
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COMPUTER ALGORITHM TO CALCULATE LONGSHOKE ENERGY FLUX AND
WAVE DIRECTION FROM A TWO PRESSURE SENSOR ARRAY

by
Todd L. Walton, Jr. and Robert G. Dean

I. INTRODUCTION

The documented (FORTRAN IV programing language) computer program discussed
in this report was originally writtenm as part of the Coastal Engineering
Research Center's (CERC) Longshore Sand Transport Research Program and was used
in analysis of wave data collected at Channel Islands Harbor im conjunction
with a study of sand transport at Channel Islands Harbor as discussed in Bruno,
et al. (1981).

The program performs the basic analysis of two wave gage pressure records
necessary to compute wave direction and wave energy at a given frequency and
computes the longshore energy flux used in sand transport for the entire energy
spectrun of the wave record. This program uses linear wave theory for the wave
transformation process and includes the assumption of straight and parallel
bottom contours necessary for application of Snell's law of refraction.

Necessary steps in the analysis of the wave data are presented in Sections
II and III of this report. Subroutines are discussed and sample outputs for
some wave records from the Channel Islands wave gage pressure sensor palr are
given.

The program presently accepts data in the standard CERC magnetic-tape for-
mat where record lengths consist of 4,100 values., The f’rst four values are
the gage number and the date-time group, and the remaini.g 4,096 values are
the pressures recorded in thousandths of a foot (head) of water at 0.25-second
intervals. Should other input data be available, the program could easily
be modified to accept the data by simple changes in the main program and in
subroutines BUF and SWITCH.

Sample outputs have been presented for real wave data; some wave direc-
tional information cannot be obtained for all frequencies because the spectral
information at some frequencies is ill-conditioned. The percent of energy for
which this problem occurs is a small part of the energy (usually <3 percent) of
the entire spectrum and is insignificant in energy-flux computations. Reasons
for this feature are discussed later.

I1. METHODOLOGY
Calculating the longshore energy flux at breaking required the following
steps:

(1) Calculation of the frequency-by-frequency wave direction and
energy at the location of the wave gages;

(2) determination of the breaking wave depth;

(3) transformation of the wave spectrum to the “"breaker” 1line,
including shoaling and refraction effects; and

(4) computation of "Pls'" the longshore energy flux at the
surfline.

Each of the steps is described below.

RIS
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1. Calculation of Wave Direction and Energy Spectrum at Wave Gages.

As noted previously, each of the input time-series pressure records con-
sists of 4,096 data points with a time increment of 0.25 second. To reduce
computational costs, modified time series are formed for analysis by averaging
four adjacent data points. These new time series contain 1,024 data points
spaced at 1.0-second intervals. This increases the aliasing period from 0.5
to 2.0 seconds; however, this is justified as the pressure response factor
for a water depth of 6 meters and a wave period of 2 seconds is approximately
0.005.

The time series are analyzed using a standard fast Fourier transform (FFT)
program to determine the coefficients. For example, for pressure time series
from gage 1

N-1
P1(3) = I lay(m - iby(m) exp (130L) )

n=Q

in which 1 = /=1 and N 1s the total number of data points, T/At = 1,024,
where T 1is the time series record length of 1,024 seconds, At the time
increment of 1 second between samples, and j a discrete time t, where tj =
discrete time value = jAt. The FFT coefficients are defined in“terms of the
pressure time series as

N-1
ay(m - by = % 1 P1(1) exp (-1 L) @
3=0

w__

where the argument n of the Fourier coefficients a(n) and b(n) speci-
fies the quantity to be a discrete function of wave frequency, f_, where
f., a discrete frequency value, is nAf (where Af = 1/T) and the a (0) term
represents the mean value of the time-series pressure record for wave gage 1.
Similar relationships exist for wave gage 2. In calculating the FFT coeffi-
cients, there are several options that may be employed in an attempt to reduce
spectral leakage which arises due to representing an aperiodic time series by
a periodic series. A large number of possible data windows (weighting func-
tions for data) have been developed to reduce the adverse effects of spectral
leakage (Harris, 1974). These can be expressed in the form of a weighting
function w(j), such that the modified time series p'(j) is of the form

p'(3) = w(i) p(J)

in which p(j) 1is the digitized measured pressure value at time tj = jAt, and
w(j) a weighting function. A characteristic of these weighting %unctions is
that they are equal to unity at the midpoint of the time series and decrease
to a lesser value near the two ends. 1In the present program, a "cosine bell”
weighting function 1is used; however, through comparisons of Py, with and
without this function, it was established that the effect of tﬁe weighting
function was minimal (<5 percent). The cosine bell weighting function is
expressed by

w(j) = %-(1.0 - cos 3%1) (3)

8




It is clear that the application of a weighting function will reduce the total
energy in the record. This effect is partly compensated for by the following

equation:
’<p2>
"(j) =
P (] <5

thereby ensuring the same total energy in the altered and original time
series, where <p2> 1s the mean square value of the original time series
and <p'2> the mean square value of the weighted time series. It is the
altered time series p"(j) that is subjected to FFT analysis. The primes
will be dropped hereafter for convenience., The average mean depth of water
overlying the pressure sensors, Ad, is obtained by averaging the m time
series to obtain a (0). For two separate time series records, m = 1, 2 (wave
gages 1 and 2),

p'(3) (4)

Ad = 0.5 [a1(0) + a2(0)] (5)

The total water depth, d, 1is the sum of Ad and the distance, B, of i
the pressure sensors above the bottom (in later examples B = 0.76 meter).

Each FFT pressure coefficient is transformed to a water surface displace-
ment coefficient by the following linear wave theory relationship discussed in

e e e

the Shore Protection Manual (SPM) (see Ch. 2, U.S. Army, Corps of Engineers,
Coastal Engineering Research Center, 1977): i
water surface coefficients dynamic pressure coefficients
[ag(n), b (n)] : [ay(n), b_(n)] (6)
a_(n n = ——0 [a_(n n
m ' “m n sz(n) m ’ “m P
in which the subscripts n and p denote water surface and dynamic pressure i

coefficients, respectively. The factor

g

cosh k(n) B

\ K2(®) = oob (a) 4 N

where y 1is the specific weight of fluid (seawater) and is included when
. pressure coefficients are in normal units of pressure (i.e., N/M2 or equiva-
lent). In equation (7), B represents the distance of the pressure sensors
above the bottom and k(n) 1is the wave number associated with the angular
. frequency, w(n) = (2wnAf), as obtained from the linear wave theory dispersion
relationship

R

w(n)2 = gk(n) tanh k(n) d (8)

One of the disadvantages of measuring waves with near-bottom pressure sen-
sors is evident by examining equations (6) and (7). For the higher frequen-
cies (shorter wave periods) Kz(n) is very small which means that the higher
frequency waves result in very small pressure fluctuations near the sea floor.
Thus, to avoid contaminating the calculated water surface displacements, it is




usually necessary to apply a high frequency cutoff, above which the pressure
contributions are discarded. The proper selection of this high frequency
cutoff depends on the signal to noise characteristics of the pressure sensor
and the signal conditioning system. In the present program, the high fre-
quency cutoff was established at a wave period of 3.0 seconds. Wave gage
analyses by Thompson (1980) have shown that a 3.0-second high frequency
spectral cutoff value provides reasonable estimates of total wave energy at
west coast (U.S.) locations.

Denoting hereafter the FFT coefficients for the water surface as a(n)
and b(n), it 1is noted that the coefficients have the following properties:

N-)
<n?> = § [a%(n) + b%(n)] 9)
and n=1

a( +n)-a(§-n) (10)

N| =

b(g+ n)=-—b(%—n) (11)

and thus N/ 2
<n?> =2 ) (a%(n) + b2 (n)] (12)

n=]

Thus, the total (kinetic and potential) energy E(n) associated with a par-
ticular wave frequency component, n, is

E(n) = 2y[a%(n) + b%(n)] (13)

Now consider two wave or pressure sensors located at (x,, y ) and (xz, yz)
(see Fig. 1). The results will be developed considering discrete frequencies.

B * Beto Shoreline r

( parallel to shoreline )

y{\

Goge 2 (x,,ya)

{normol to bottom contours)
Goge 1 (x,,y,)

Figure 1. Definition sketch for two sensor array.
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The water surface displacement consistent with the assumption of one
direction per frequency is

N-1
n(x, y, 3) = ] F(n) exp {i[nwt - k (n) x = ky(n) y]}
n=g
(14)
N-1 12%nj
= ) la(n) - ib(n)) exp( - )

n=gq

where w, is the primary analysis frequency (= 2n/record length = 2x/T =
2nAf), and O(n) the direction of wave propagation at frequency w(n) = nw, .
The wave number components, kx(n) and ky(n), are expressed in terms of the
wave number, k(n), and wave direction, 0O(n), as

kx(n) = k(n) cos 0(n) (15)

ky(n) = k(n) sin O(n) (16)

The cross spectrum, Slz(n), of the two measured water surface displacements
(or dynamic pressures) is given by

S12(n) = |F(n)|? {exp - 1 [k(n) cos O(n)(x; - x;) ,
17)
+ k(n) sin 0(n)(y, - y )1}

Denoting the separation distance and angle as £ and 8, respectively, the
cross spectrum can be expressed as (see Fig. 1)

S12(n) = |F(n)|%? {cos [k(n) %cos (O(n) ~ B)] - 1 sin [k(n) %cos (B(n) - B)]}
= cospectrum (n) - 1 quad-spectrum (n) (18)

= Ci2(n) - 1Qj2(n)

Thus, from equation (18), the wave direction ©O(n) associated with each wave
frequency can be expressed as

1 Q) 5()
a1

6(n) = B ¥ cos”! tai
k(n) 2 Clz(n)

(19)

The above relationship has two roots, one of which must be selected based
on physical considerations of the most likely direction of wave propagation.
In the present case, assuming no wave reflection from the beach, the ambiguity
in wave direction is ruled out; for wave sensors nearly parallel to the beach,
the minus sign in equation (19) is appropriate.

11
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There are two conditions for which it was not possible to calculate the
wave directions ©O(n). These include poorly conditioned wave data, presumably
due to spectral leakage, and spatial aliasing due to large separation distance
between the two gages. If the data are poorly conditioned for determining
wave direction, the absolute value of the quantity within the brackets {-}! in
equation (19) may exceed unity, a physically impossible condition since the
extreme values of the cosine function are #l. This tends to occur for the
extremely long waves for which the energy is small and the value of k(n) 1is
also small, the latter tending to result in large values of the bracketed
quantity. The percentage of energy for which this _cndition occurred in the
analysis of one year's wave data collected at Channel Islands Harbor was
relatively small, averaging 2 to 3 percent with a maximum of approximately
10 percent. The second condition is related to spatial aliasing and requires
that one-half the wavelength be equal to or greater than the projection of the
wave gage separation distance in the direction of wave propagation. Referring
to Figure 1,

L > 28 {cos[®(n) - B}} (20)

max
which indicates that for the least adverse effects of spatial aliasing, the
gages should be on an alinement parallel to the dominant orientation of the
wave crests. As will be discussed later, in calculating P, an attempt was
made to account for this effect of aliasing by augmenting the calculated
values, illustrated as follows by

Eror
(Pls)cm = (Pyg)e “E (21)

in which the subscripts ¢ and cm indicate calculated and calculated modi-
fied, respectively, Eror and E represent the total wave energy values
and the wave energy not affected by spatial aliasing or poorly coanditioned
wave data, respectively., The total wave energy 1is that energy in the wave
spectrun below the high frequency spectral cutoff value.

2. Transformation of Wave Spectrum to Breaker Line.

At this stage, the wave energy and wave direction in the vicinity of the
gages are determined. These values are then transformed to the breaker line
accounting for wave refraction and shoaling.

To determine the wave breaking depth, the onshore-directed energy flux is
cal:ulated in accordance with the expression (based on Snell's law of refrac-
tion) and equated to an equivalent expressed in terms of wave characteristics
at breaking. )

N/2
Onshore energy flux = ) v2 [a(n)2 + b(n)?] (%(n) cos O(n)
n-=]
(22)
YEZ
- -—8—- Cgb cos Ob

12




Assuming that the breaking wave angle, Ob, is small, that the waves will
break under shallow-water conditions, and that the ratio of breaking wave
height to depth is a constant, the breaking wave height, Hy, 1s then given
by

N/2 l GB\0*2
Hy ={ [ 16 [a(n)2 + b(n)2] C(n) cos &(n)g 0" (——) (23)
n=] & ’ &

where GB is the ratio of root-mean-square (rms) breaking wave height to
breaking depth, GB = Hb/db (here assumed GB = 0.78). With the breaking depth
known, each wave component is transformed to shore accounting for both wave
refraction and shoaling based on linear wave theory. r

Wave refraction 1s in accordance with Snell's law and the assumption
that straight and parallel contours existed between the gage and breaking
locations

Cr(n

-1{ %
Ob(n) = gin ——— | sin Or(n) 24)

where C 1is linear wave celerity (see the SPM, Ch. 2) in which the r sub-
scripts denote the "reference (gage)” location.

With the wave energy and direction now known at the breaker line, the
value of the longshore energy flux, (st)cm, is readily determined

(Pgglem = R(Pgg)e
(25)

N/2
=R{2y ] [a%(m) + b2(m)]y [Cy(n)],lcos O(n) sin O(n)]b}
n=]

in which the factor R 1is given by the ratio

Eror

E

as defined in and discussed in relation to equation (21).

III. MAIN PROGRAM DOCUMENTATION

The detailed programing steps in analysis for the longshore energy flux,
(Pls)cm’ (which in this program is calculated in terms of rms wave height) are
presented in this section. Program steps are numbered to correspond to areas
in the program listing where computations are carried out. A program listing
with corresponding numbered steps follows the program documentation. Note
that preceding text has used the indexes j and n for time and frequency,
respectively, while the program which follows uses the index I for both time
and frequency. A listing of the main program is presented in Figure 2.
Program steps are as follows and refer to numbered parts of main program
listing:

13
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PUNEGANEGATIVE CONTRIBUTIUN TU LUNGSHURE ENERGY FLUX FACTOR
PLNETSNET LONGSHORE ENERGY FLUX FACTOR
PLPOSSPOYITIVE CUNTRIBUTIUN TU LUNGEMORE ENERGY FLUX FACTOR
VIRCI)BUWYADIPECTHA UF 3JENIES 1-2
REGCALING FACTOR FOR SCALING UP ENERGY OF NONUSABLE
PUXKTINNS OF DIRECTIONAL SPECIRA
NATIUISRATIO NF ENERGY/MINLDOWEY ENERGY FUR GAGE !
NATIU28RATIU OF ENERGY/WINDUSED ENERGY FUR GAGE 2
HMEAL(1)®1024 POINT TiME SERIES AFTER AVERALING
NNSRATIO UF OROUP wAVE CELERITY 10 waVE CELER]ITY
RONFRUSPERCENT OF ENEHGY BEYUND BPACIAL ALIASING FREQUENCY
RELFRQSPERCENT OF ENERGY BELUW Luw PREGUENCY CUTUFF
HBUOUSPERCENT OF INCUNERENT ENRRGY
UNFREUSBUM UF ENERGY WITM PREWUVENCIES ABUVE SPACIAL
ALLIABING FREQUENCY CUTOFSF
SHGIBBUMMATIUN OF ONBHORE ENLRGY FLUX
SIGMA(I)emaD]AL FREQUENCY ’
SLEREAQUM OF ENERGY WITH FREQGUENCIES BELU™ LOw FREQUENCY CUTOFP
SUPORBUM OF ENERGY wWITw FPREQUENCIES MAVING INCONERENY WAVE DJRECTION
SUNENSGUM UF ENERGY
SURIOBUM OF SQUANES OF TIME SENIES t WITHOUT AVERAGE
SUmMeBUN OF SQUARES UF TINE SERLES 2 »ITHOUT AVERAGE
SUMB 1eglim OF BUUARES OF TIME SERIES § wlTH aAvERAGE
BUMF2agUM OF SUUARES UF TINE SERIES 2 wITM AvERAGE
1swAvE PERIUG )
THETA(T)esAVE DIRECTION IN RADIANS

Figure 2. Listing of main program.
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A CAPRIEOPL

7%

(1]

109

128

139

OO

PO OO0

oONn

TRETABRGREAKING wAVE ANGLE

wSUMiesgUM OF SOUARES OF DATA WINDOW MODJFIED TIME SERIES )
#3UMBegUN OF BSOUARES OF DATA WINDOW MUDIFIRO TIME SERIES 2
Pia3, 141359208

1wUPlag,00pl

LY

Na2 00K

3880,0

OELTTmy, 00

BETASY S708

SLUPL=Q, 08

GAMMARGE, 0

ve2,93

MONe |

NUgaN/2

GBno,70

Gm32,2

GAPEY, 78

rlGr FREQ CUTOFFRY, 0 BEC

BPACIAL ALIABING CUTOFFE3 4 SEC

NLOWSLOW FREGVUENCY CUTOPF NUMBER

NYFRANIGH FREQUENCY CUTOPF NUMLER

NBALFROSPACIAL ALIABING PREQGUENCY CUTOFP NUMBER
FREQUENCY CUTOFF NUMBERSTINE SRRIES LENGTH/CUTOFF PERIOD

NLUwaso

NYFRE3a2

NSALPRE3O1

NSM{BNBALFRe|
110 CUNTENUE

INITIALIZING VALUES
SLIRLURO,0

80LD=p 0

SHFRLGEO,0
BURENEY, 0

SUnisp

SuM2so

SUNFlay,

SumFgeg,
w8UMieg,0
nHUMZe0,0
AVGimg,0
AVE290,0

PLPUBNO,0
PLNEGED 0
PLNEIDO,0
MG280 0
LU 29 feyi.N
Fiitl)en,0
F21(1)e0,0
29 CUNTINUE
00 30 Iag.nNOD2
FHUDSQ(1)80,0
30 CONT]Inyg

THIS PORTION OF PROGRAM READS IN WaVE PRESSUNE VALUES INTO PIR,FRR AWRAYS
AND ABBURES MATCHING DATE GRUUPS FUR DIRECTIUNAL WAVE ANALYSLS UF Two

o
CALL 035:50A011.~o~1n|.nolr|.ﬂ!lntg.vln s IDATEL 1 ENC)
IFCEND) GU 10 §

CALL MUF(MGAGE2 . MONTHR MOAYRIMI IMEQFRR  » JDATE2.END)
1F(EN0) GO YO |

IPCIUATE]EU,IDATERD) GO TU 120

Figure 2. Listing of main program.--Continued
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180

14%

150

189

160

169

173

189

190

193

200

oon

neao

ToONn

[ X alalaY el

120

426

u2

qa]

A9

9”

BACKIPACE ¢

LU TV 110

CONTINVE

IP(MGAGEY NEL311) CALL SWITCHIMGAGE]+"GAGE2eF1R oFER )
wRITECQe4B0)

PURMAT (/70 GAUGE NOo LooXo (MUNTMLouXy (DAY LoaX,y (TIME ()
NRITECoo L 1IMGAGEL o MONTH] ¢ MDAY L oMY INES

ARITECOo I )MGAGEReMONTHR o MDAYRIMTINER
FUNMAT(TT7,3(SXs17))

TH1S PORTION OF PROGRAM CALCULATES wATLR DEPIM AT wAVE OAGES AS wELL A
AVERAGES AND SUM OF BQUARES UF TIwmg BENIES

V0 43 tsi¢N

AVGISAVGIePIR(])

AVGRBAVGReFR(])

AVGIRAVGI/FLUAT(N)

AVL2WAVG2/FLOAT(N)

DEPTNR(AVGI®AVGR) /2,48

CALL MFC(DEPTH B800ELTT NeNGALFK)

DU 41 IspeN

Fin(l)eF1R(])aavel

FN(1)aF2R(1)eavVG2

SUMISBUMIFIR(])00p,

SUM22BUMReFR(])8e2,

CONTINUF

SUMIBSYUML/FLUAT(N)

SUMRBSUMZ/FLUAT(N)

THi8 PORTION OF PRUGKAM AFPLIES patTa WINDUw TQ TIME SERIES=eUATA WINDUW
VALUES ARE REPHESENMTED By w(i)

LU 89 Isi,N

w(1)W0,S8(1,0eCUSITWUPTRFLUAT(I)/FLOATIN)))

FIRCI)e(PIR(]) yem(l)
Pen(l)s(FRR(]) Yew(l)}
CUNTINUE

THIS PORTIUN OF PROGkAM CUMPUTES SuM OF SQUARES OF DATA WINDUW MOODIFIED
TIME SERIES AY WELL A8 RATIO OF PRE WINDUWED ENERGY TO WINUOWED ENLRGY

OV 4 JegeN

aSUMIEWgUMIeFIR(])s03,

WIUMFRWBUMIGPIR( )00,

CUNTINUE

wSUMIawgUM) /FLOATIN)

fIUNIBRBUNR/PLOATIN)

RATIUIBBUME s7ugum]

RATIUZ3UN /wpun

CALL PFT(F)RePiTeNRy0)

CALL PPT(F2RFQT9Ke0)

MEANIOPIR(Y)

MEANGBFIR(Y)

TH]8 PORTION OF PROGNAM CALCULATES €O AND WUAD BPECTRA VALUES, A8 »ELL A
wWAVE ANGLE TO SHURELINE aND ENERGY CONTRIBUTJONS OF EACH FREQUEMCY,
UREAKING wWAVE WMEJGMT ANV BREAKING WAVE CELLRITY ARE ALSO
CALCULATED IN TH]13 SECTIUN

IL

VO 97 Je2eN

LIS LIS LIE)]

FLiCl)sfF1lCd)

Fan(l)aFancd)

F21t1eF21(J)

1e]el

CONTINUE

DU 90 IEiem

SUME LaSUMP [eFtR(1)e08,0FL1(T)002,

Figure 2. Listing of main program.--Continued
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208 SUNFasUnF2eFaR(1)9%3,0F21(1)092,
99 CUNTINYE
QUNF BQUMFIoMEANT*9 D,
BUMF2eQUNF e NEANZSI2,
wHiTE(ee2A9)

210 289 FUNKMAT(//74 7o L1 0a10Xe LSIGMACL) Letins (FHDBQCT) L)
DU 99 Jei,nD2
Clatl)sFIR(I)oFRRITIeFII(1)OF21(])
VI2(I)aFIR(I)or21(1)ePRII)OFLIC])
SIGMA(LINFLUAT(I)OTWUPL/(FLOATIN)SDELTT)

21 18TWUPT/8LIGMA(L)

CALL mVLEN(DEPTHoToXNH)
ARSXRN/DERTN
1F(C12(1)4LE.0,000000001) GO TV @S
PUS(1,/7(XKe8))eaTANCULI2CT)/CI2(1))

200 1F(aB8(PD) ,GT,1,0) U TU 93
THETA(])n=ACOS(PD)4BETA
G0 TU 92

98 THETA(])e0,0
bU TV 92

22% 93 THETA(]1)=0,00001
PRUDSUCT)aFIR(L)0P2, ¢F1]L1)8e2,
KRB ARHEH/OEPTH
XRPECUSH{XKE) /COBHE XKM)
PHUDSU(T)aPMOOBO(]) 7(AKPIRR,)

230 FRODINC1)eFN00S0 () onAT UL
S00L0SSONDeFMYDSA(])
RRITE(9,108)1o816MALT)FHUDBULT)

103 FORMAT(IXG 158X oF1R.007XsF1Re6)
92 CUNTINUE

238 FRUOBG(I)aFIk(1)002,0F1I(1)002,
RKBSAKHEB/DEPTH
KRPECUBMIXNE) /COBH{XKN)
FHULSU(])aPFmODSG(]) 7(aKPOSQ )
FALOBU(CT)8FMUD8QLT )P RATIOY

a0 RNGQ (§8(§,02,0XKH/QINNER,OXKN))
CCUL)nqIGMA(T)*DEPTHORN/RKN
CCI)aCcQCl) /RN
nGEs(CO(1)e2,00FMUDBUCTI®COBITHETALL)))

4 SHU2AUNSHORE ENERGY FPLUR

0% LY LY L-F LT F]
SUPENSQUMENSFHODBU(])
IFC1.GE,NBALFR) GO TU 79
6u TU Y8

79 nPRESeBHFREGSFMODBALT)

230 78 CONTINUE
1P (1.LE.NLO%) GO TO 77
GV TU 7

77 SLFREQ®OLFREQeFNUDIA(T)
70 CUNTINUE
%% IF(1,GE,NYFR) GO TO Vo9
99 CONTINUE
999 CUNTINUE
IM623H020 2,
wRITE(6e398)

200 381 FORMATC//700Xe (20 18%e BSGMALT) LontXo (PCT (v 10Re (THETACI) 1)
LU 48 Jeg§eND2
IF (1 ,GE.NBALFR) GU TO 44
PCTSEMODBO( 1) /BUNEN
IF(PCT,GE.0.02%) GO 10 a9

209 GO TU a8

69 wHITR(4e30)1,81GMACT)PCTITHETACT)
SO FURMAT(IX¢18¢3(3XeF10,8))

ald CUNTINUE

a4 CUNTINUG

Figure 2. Listing of main program.--Continued
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270

273

a8s

200

29%

300

308

319

g0

| 0

(o X X 2

s?

ar
1]

91
998

200
100
170

112

39
104
108
100
103
109

HER(8,00,d)0 (8NG00 ,4)0(GB/G)00 2
Cum(Gena/GuP) 00§
CUNTINYE

InlS PURTION OF PROGRAM MUDIFIES WAVE GAGE ANGLES YO BREAKING wAVE ANGLES
AND COMPUTES LUNGSHOKE ENERGY FLUX FACTONS

VU 93 TejeND2

1FCL,GE,NSALFR) GO TO 998

SINTHOCTIRGINCTHETACL))*CB/C(T)

THETAHSABINCOINTHE(I))

ARRIB( (1,08 INC(THETACT))®®2,)/(1,e8INTHB(1)%82,))88,S

XNSSaCG(I)/C8

FMUDBU(T)BFMODSQ(]) *AKRSIXKSS

IF(THETA(])LE,0,0) LU TU 87

PLPOSSPLPOg+GAMMAPGIN(2 ,#THETAB )sCH*FMUDSO(T)

GO Tu op

PLNEGEPLNEG*GAMMASSIN(2,#THETAS ) OCBOFMUDYQ(])

CUNT INUE

PLBGAMMASCBOSINCIR,*THETAR ) OFMODSQL])

PLNETaPLNETSP

IF(I.GE,NYFR) GO TO 998

CONT INUE

CUNTINUE

NSUDLRSQDD/SUMEN

HINF HUBSHPREQ /SUMEN

MSLFNUSSLFREQ/SUMEN

RTUTARBUDN+RIHFRQ

NE{,/(1,oRTUT)

PLPUSSPLPUSOR

PLNEGEPLNEG®R

PLNEISPLNE TSR

wHRITEC0e201 INGALFR

FOMMAT( /74 NSALFRE [e2aXe]0)

WRITE(0e200)DEPTH

PUKMAT(t DEPTH DF wATER AT QAUGLE SITES(F10,1)

"ITECOo100)AVGIoAVGR

FURMAT({ AVGIB{oF1{,309N0 [AVG2® [4F31,))

wRITE(osiTy)BuUMyBUMR

FURMAT(L SUMIR [oF 15,300 (BUMRB[4F11,3)

AniTE(60111)WBUHY o nBUNR

FUKMAT( | w8UMIm [oFi0,399%0 [WBUM2S (4F10,3)

wHITE(be112)RATIVL,RATIO2

FURMAT(( RATIOIm[(sF®:399%0 (RATIORS [4F9,3)

WHLTR (64393 8UMEN

FOMMAT ([ SUMENS [+2XsF13,8)

wH1TE(Qe104) 10

FONMLY (| BNEARING WAVE RELGHT MBE teoXeF10,3)

mRITR{ee108)CH

BPURMAT( | BREANING WAVE CELENITY CBa(odx,F10,2)

WHITE(g0100) RSODO,RENFROIHOLFKHQ

FONMAT( ! RQUDDS [1F{1,8¢0X0 (RINFRQE [oF10,800K, (ROLFRON[1F10,8)

NRITE(0e103)PLPOSPLNEG

FURMAT(L PLPUSE (9F 1t 8,8Xy (PLNEGR L FIL,0)

"HITE(60109)PLNET

FURMAT(( PLNETB (1F11,4)

U TV 110

CONTINUE

sYLP

END

Figure 2., Listing of main program.--Continued
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v (1) Input data for this program are in the form of digital
magnetic-tape records of 4,100 values. The first 4 values of the
records are the gage number, month, day, and time of the observa-
; tions; the last 4,096 values are the time-series pressure values of
the wave gage. In the present program the wave gage pressures are
stored in thousandths of a foot (head) water at 0.25-second inter-
vals. Subroutine BUF reads time-series data into array CNTL,
where it is averaged to provide 1,024 time-series values of At = |
{ second spacing. Units are also divided by 1,000 to convert values to
t feet (head) of water.

(2) T™e date groups of record 1 and record 2 are compared to
ensure that times of records are simultaneous; if the times are not,
the program searches the record file until this condition is met.
The two records are than checked for proper sequence to ensure that
gage | is analyzed first. Subroutine SWITCH switches arrays if they
are not in proper order.

(3) Each of the two 1,024 value time series is then analyzed for
average values which are printed out along with the average depth of
water at each gage site. The average value of each of the time-
series records 1is again averaged and i1s added to the height of the
gages above the bottom to obtain the water depth:

AVERAGE 1 + AVERAGE 2 +

DEPTH =
P 2

B

in which AVERAGE 1 is the average of time series 1 = a (0), AVERAGE 2
the average of time series 2 = a2(0), and B the height of sensors
above the bottom,

An option to apply a weighting function w(j) (= W(I) in program)
has been incorporated before the FFT subroutine is called., In this
particular program a cosine bell weighting function has been incorpo-
rated. If the data window option is selected, the two time-series
data records, which are read into FiR and F2R arrays, are multi-
plied by the following weighting function (cosine bell)

o) = 4 [1 - con (32)]

3 where j 18 the time step number and N the number of data points
] ; in series. If no weighting function is desired in analysis set
) w(j) = 1.0, which 18 the "box car" weighting functionm.

As the cosine bell function reduces the total energy content of
the waves, the final energy obtained from the FFT must be rescaled up
to the proper value, This is accomplished by scaling up the time-
series pressure values by the ratio

R Unwindowed energy <p2>
Windowed energy J ('

as discussed in equation (4).
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(4) Cospectra and quad-spectra of the gages are computed using
the following relationships (note in computer program index, 1 1is
used for frequency counter, n):

Cospectra = C12(I) = FIR(I)*F2R(I) + FI1I(I)*F2I(I)

Quad-spectra = Q12(I) = FIR(I)*F2I(I) - F2R(1)*F1I(I)

in which FIR and Fll are the real and imaginary parts of complex
transforms of time series l: F2R and F21 are the real and imagi-
nary parts of complex transforms of time series 2.

(5) Wave angle is calculated in accordance with equation (19).

B 1 12(n)
6(n) =0 = arcosine [k(n)l * arctan ClZ(ni]

where k(n) 1is the wave number calculated via linear wave theory, £
the spacing of gages, and B the difference in alinement of gages
and shoreline in Figure 1.

Due to energy leakage problems in spectra, impossible wave angles
can result [wave angles with (1/k(n)% arctan Ql12(n)/Cl12(n)) greater
than 1.0]. When this happens, energy 1is lumped into a separate
category for later scaling up of the longshore energy flux.

(6) The high frequency cutoff in this particular program has been
set at 2.09 radians per second, which corresponds to a period of 3
seconds or NYFR = 342. This value can be reset in the main program
by adjustment of NYFR where

NAt
NYFR = ——

Tur

and N {is the number of data points in time series, At the spacing
in time of data points, and Ty the high frequency cutoff period.
The spatial aliasing frequency is computed in subroutine HFC.

Energy between the spatial aliasing frequency and the high fre-
quency cutoff is put into a special category and used to scale up the
final longshore energy flux,

(7) Each frequency contribution to the onshore energy flux is
calculated for the gage site location as follows:

Onshore energy flux = 2y |Fn(n)|2 Cg(n) cos [0(n)]

20
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where
|Fn(n)| = modulus of the complex amplitude spectra of wave
elevation above mean surface at gage site
Cg(n) = group wave speed at gage site
0(n) = @ = angle .f wave direction (see Fig. 1)
Y = gpecific weight of seawater

The onshore energy flux is then summed to obtain the total onshore
i energy flux. In the program, onshore energy flux/y = HG2.

(8) Breaking wave height at the shoreline is determined from the
mean square onshore energy flux via a linear theory wave transforma-
tion formula which can be simplified to

N/2 GB\0+2
Hy=| 1 16|F (n)|2 C_(n) cos &(n)|0+4{ —
n=) n g g

where GB 1is the wave height-to-water depth ratio at breaking and g
the acceleration of gravity.

The choice of GB 1is up to the user although a value of GB =
1.42 has been found by Komar and Gaughan (1972) to best fit wave tank
data for breaking wave heights for monochromatic waves. In the pres-

ent program, GB has been set equal to 0.78 but can be readily
changed.

The breaking wave water depth is calculated from the equation

H
b . cpp

dy,

where d, is the wave breaking water depth and GBP the ratio of
wave height to water depth at breaking.

— . -

5 I

In this case a different value of the ratio of breaking wave
height to water depth can be used in the program for obtaining the
proper water depth., An assumed value of GBP = (.78 from the solitary
wave theory in the SPM is used.

Linear wave celerity is assumed and breaking wave celerity is

estimated as
H 05
- (5 )
GBP

The breaking wave height and celerity calculated in this approach
apply to all frequencies.




i

(9) Frequency-by-frequency modifi{cation of wave angles is made
assuming linear wave theory, Snell's law, and parallel bottom con-
tours offshore. The breaking wave angle, eb(n), is calculated from

i
Op(n) = arcsin [Cb(n) Z s Qr(n)]

r

where the subscript r refers to the reference gage location.

(10) Longshore energy flux is calculated for each frequency
component (except the special cases discussed in Sec. II) using the
equation

Py (n) = Y|Fn(n)|2 Cgp(n) sin 20y (n)
and is summed up to obtain a net longshore>energy flux.

(11) The value of the net longshore energy flux is multiplied by
a factor R which scales up the total energy in the spectrum (below
the high frequency cutoff). The equation for scaling factor R is

1
R = T —=mom

where RTOT = RSODD + RSHFRQ when RSODD is the percent of energy in
low frequency bands for which impossible values of the cosine func-
tion are calculated, and RSHFRQ is the percent of energy between
spacial aliasing frequency and high frequency cutoff.

The final result of analysis of the two gage records for the
net longshore energy flux PLNET is printed out, as well as specific
frequencies for which impossible directional results occur and fre-
quencies at which more than 2.5 percent of the total wave energy is
found.

IV. SUBROUTINE DOCUMENTATION

FFT Subroutine,

The sampled time function, £(j), will be expressed as

N-1
£f(j) = 2 F(n) exp(inmlet)
a=g

22
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B R

in which
2% 2n 2%

1 record length T NAt

tj = jAt = a discrete time where j 1s the integer time step

F(n) = a(n) - ib(n)

N N N
a(2+n)-a(2-n) »n#0 * 2

N N N
b ()= b (zs) s nro g

a(0) = mean of sampled record
N
b(0) b(i)a 0

Because negative indexes are not readily handled by most FORTRAN compilers,
the summation extends over the interval 0 < m £ N - 1, rather than over the
symmetric interval - N/2 £ n £ N/2. From the definition of the coefficients
above, it is clear that the coefficients a(n) and b(n) for n > N/2 contain
no additional information.

The inverse relationship completing the FFT pair is

N
1
F(n) =— ) £(3) exp(-inwlet)
N 3=1
As an enumeration of the complex FFT coefficients, suppose the series of 8
values is considered, N = 8. The coefficients would be

F(0) = a(0)
F(1) = a(l) - ib(1), F(7) = a(7) - ib(7) = a(1) + 1ib(1)
F(2) = a(2) - 1b(2), F(6) = a(6) - 1b(6) = a(2) + 1ib(2)
F(3) = a(3) = ib(3), F(5) = a(5) - ib(5) = a(3) + 1ib(3)
F(4) = a(4)

This pattern prevails for all sets of FFT coefficients, regardless of the
value of N. Both F(0) and F(N/2) are real and, as noted previously, the
coefficlents F(n) for n > N/2 really contain no additional information.
The FFT subroutine used here requires that the number of data points, N,
provided be an integral power of 2, i.e.,

N = 2K

where K 1is an integer. Thus analyses of 512, 1,024, or 2,048 data points
(K=9, 10, 11) would be suitable with this subroutine.

23
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The following two requirements are satisfied in the FFT subroutine.

(a) By operating on the sampled function, obtaining the F(a)
coefficients and carrying out the inverse FFT (FFT !), the original
time function is recovered. Schematically,

£(j) » | FFT | » F(n) » | FFT"! | » £(j)

(b) The mean square of the sampled time function is equal to the
sum of the squares of the moduli of the FFT coefficients, F(n), i.e.,

N N-1 {
I [£@)12 = § [F(n)|? ‘
=1

a=g ;

Z | -

a. Calling Statement: SUBROUTINE FFT (FR, FI, K, ICO) (see Fig. 3). FR,
FI = real and imaginary coefficients in

F(n)

FR(n) - iFI(n)
K = power of tw (i.e., N = 2K)

1CO0 = control whether FFT or (FFT)”!

operation is desired if

= 0 + FFT
1Co _
= ] + (FFT)"!

When entering the subroutine, FR is the time sequence f(j) and FI is
arbitrary. When exiting the subroutine, FR and FI are the real and imagi-
nary parts of the complex transform, respectively; e.g., input is
K=35

ICo = 0

£(J) = 1.0 + 2.0 cos ZE%%AE!.+ 3.0 cos 4’(%gt)

- 0.6 sin 3"—%@—) - 1.4 sin “LngA;)
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c FAST FUUNTEN TRANSFURM SUBNDUT INE i
SUBRUUTINE FEY(FRyF 1Ry 1C0) ;
ULMENBION FR(1)eFILE) ;
[ NS2oeR §
I+ (1C0,€Q,0) GO TU Jo M
LU 8 JeieN
8 Fl(l)mafIC])
10 CUNTINUE
10 LT Y]
NNENe |
0L 2 Mmi¢NN
LenN
1 LsL/3
18 1P (MNeL GT NN} GO TO
MREMUD(MRGL) oL
IF (MR ,LE,M) GO 70O 2
TREEKR(Me )
FR(NeL)RFA(MBe])
| 20 FN(NKe )BTR
TIsFltmMey)
) Fl(nel)aFI(MHey)
FliMHeg)InT]
@ CONTLINYE
[ 1] (%}
IF(L,GELN) GU YO Y
181EPm oL
tLsL
VU 4 Matef
30 AR3,181992683S¢FLOAT(1aM)/EL i
u“lCu.(‘)

wIBQINCA)
LU & IatyN [BTEP
alef
33 L1FCICU.EQ,1) 680 TO 1§
TREWNSFR(J)en]oFI(J)
YISwRSFI(J)enlsFR(J)
60 TV 12
11 TRSwNSFR(J)enTefI(J)
ag TISuNSEI(J)on]ePR(J)
12 FR(J)uFR(])eTR
FICJ)mpl(L)eT]
FROI)NPFR(])oTR
¢ FICI)mFICl)eTY
a3 (R 3% 3 1]
60 TU 3
CUNTINUE
ANBN
IFCIC0,EQ,1) GO TO o
L 1] DU S ImpeN
BRUTISFR(T) /AN
S Flll)eaFl(])/aN
& KETUMN
[TT)
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Figure' 3. Listing of FFT subroutine.

-

b. Data Input to Program.

£(j) values at 5.000 5.080 3.750 2.184
At = 1 second .590 -0.829 -1.900 -2.506
| intervals ~2.600 -2.215 -1.451 -0.465
' (32 values) 0.562 1.445 2.034 2.229
2.000 1.391 0.513 -0.475

-1.390 ~2.054 -2.322 -2.109

-1.400 -0.257 1.188 2.755

| 4.238 5.438 6.189 6.386
, FR = 6.000 5.080 3.750 2.184
(32 values) 0.590 -0.829 -1.900 -2.506
-2.600 -2.215 -1.451 -0.465

- -
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0.562 1.445

2.000 1.391

-1.390 -2.054

-1.400 -0.257

4.238 5.438

F1 = 0.000 0.000
(32 values) 0.000 0.000
0.000 0.000

0.000 0.000

0.000 0.000

0.000 0.000

0.000 0.000

0.000 0.000

c. Calling Statement: FFT (XR, XI, 5, 0).
Output: 1.000 1.000
a(n) coefficients 0.000 0.000
(32 values) -0.000 -0.000
-0.000 -0.000

-0.000 -0.000

-0.000 -0.000

-0.000 0.000

0.000 0.000

b(n) coefficients 0.000 -0.300
(32 values) ~-0.000 -0.000
-0.000 -0.000

-0.900 -0.000

0.000 0.000

0.000 0.000

0.000 0.000

0.000 0.000

At (time step) = 1 second in above example.

2. HFC Subroutine.

Ihis subroutine resets the spatial aliasing frequency cutoff to a higher
frequency than would be the case for normal incidence of waves to gage pair.
In the present version of this subroutine, it has been assumed that the maxi-

2.034
0.513
2.322
1.188
6.189

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.500
0.000
-0.000
-0.000
-0.000
-0.000
0.000
1.500
-0.700
-0.000
-0.000
-0.000
0.000
0.000
0.000
0.700

2.229
-0.475
-2.109

2.755

6.386

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
-0.000
~-0.000
-0.000
-0.000
-0.000

0.000

1.000
-0.000
-0.000
-0.000

0.000

0.000

0.000

0.000

0.300

mun angle which the wave crests can make with the gage pair axis is 45°.

spatial aliasing criteria are expressed in Figure 1, where for proper resolu-

tion of wave direction the following criteria must

fcos [A(n) - 8] <§

k(n) fcos [6(n) - B] < k(n) =

26

be met

L
2




The proper spatial aliasing frequency to correspond with the spacial aliasing
wave number cutoff is found from the normal wave dispersion relationship.

Calling Statement: HFC (DEPTH, S, DELTT, N, NSALFR) (see Fig. 4).

DEPTH = depth of water at gage site (from mai-~ program)

S = gpacing of wave gage pair (from main program) (= £ in text)

e

DELTT = time-step increment between values in time series analyzed
(from main program)

N = exponent of 2 describing number of time series values
(from main program)

NSALFR = integer number for spatial aliasing frequency cutoff

SUBRUUTINE HFC(HIGH FREQUENCY CUTOPF/8PACTIAL aLIASING FREQUENCY)
HESETS ALIASING CUTOFF TO HIGMER FREQULNCY
BASED UN ASSUMED MAXIMUM WAVE ANGLE

SUBRUUTINE HFC(OEPTHaB0ELTToNINSALPR)

SPACLAL ALIASING ASBUMES WAVE ANGLES LESS TMAN &% DEGREES

Xx883,181%9/0,707

XRHaXKGODEPTH/S

81GSUR3R, 20 (XKH/DEPTH)STANNIXKN)

10 31UMFRBQRT($1630)

RECLNEFLOAT(N)SDELTTY

NSALFRESIGHFORECLN/6,20)

RETURN

END

2] caOOon

Figure 4. Listing of HFC subroutine,

3. SWITCH Subroutine.

This subroutine is set up to interchange time-series data arrays in the
instance when gage 2 data are processed before gage 1 data (see Fig. 5). 1If
the first gage record processed is not equal to the appropriate number of the
gage, as specified in main program, data arrays of first and second gage
records are interchanged.

oo

SUBRUUTINE SwITCH EXCHANGES LUCATIONS OF TIME SERIES DATA TO ASSURE
GAGE] I8 STORED IN FINBT ANRAY AND GAGE2 IN SECOND

SUBRUUTINE SwITCH(MieM2eFIRyPF2N)
S DIMENGION FPIR(1084)oFIR(1024)4FIR(1020)

niang

LTLLT]

naen}

00 10 1sjet102a
10 FIN(L)eFIR(])

FIR(I)oP@R(1)

Fau(l)aF3IR(])

10 CUNTINUE

RETURN

19 (114

Figure 5. Listing of SWITCH subroutine.

4, WVLEN Subroutine.

This subroutine accepts wave period and water depth as input and calcu-
lates wave number as output via a Newton-Raphson iteration.

27
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Calling Statement: WVLEN (DPT, PER, XKH) (see Fig. 6).
DPT = water depth (from main program)

PER = wave period (from main program)

XKH = wave number * water depth (calculated in subroutine)

1
wAVE LENGTM ITERATION SUBRUUTINEweTHIS SUBNOUTING CALCULATES WAVELENGTH
V1A NEWTONRAPHBON STERATION UBING PERIOO.WATER DEPYW INPUY
PENSMAYE PERIOD
DP1swaATER DEPTHM
AKHEnAVE NUMBEReWATER DEPTH ;
BUNRUUTINE WYLEN(DPTyPERyAKN) 3
XKHOS (6.,2831883/PER)0200PT/3202 i
1P (XKMOPR 302010 ¢) i
10 1 XRHSAKHO
G0 10 ¢ ;
2 KRHBJURT(XKHO) *
3 BHEBINH(XKM) i
CheCUBH(KKN)
13 EPIB KNV XNNSSH/CH
SLOPEELXKN/CHI® 2uBN/CH
DXRHG=EPY/SLOPE
1P (ABO(DXKN/XKH)®0,0001)999,8
O ARNAAKHIDAKN
20 6L T0 3
9 CUNTINVE
RETURN
END

YO N OO

Figure 6. Listing of WVLEN subroutine.

5. BUF Subroutine.

This subroutine is set up to read in wave gage files from magnetic tape.
The data records consist of arrays of 4,100 values, the first four of which
are the gage number, month, day, and time of wave record. The remaining 4,096
values represent pressures in thousandths of a foot (head) water. The data
are returned to main program as a wave gage number-date series and a time
series of 4,096 values of pressure in feet (head) of water. Two records are
processed in one pass.

Calling Statement: BUF (MGAGE, MONTH, MDAY, MTIME, CNTL, IDATE, END) (see
Fig. 7).

MGAGE = number of gage (read from tape)

MONTH

month of observation (read from tape)

MDAY = day

MTIME = time

CNTL. = control array of 4,096 pressure values in feet (head) of water
returned to main program

IDATE = summed time group for time comparison between gages

END = logical end

28
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SUBRUUTINE WUF READS IN wAVE GAGE DATE INFU AND TIME BERIES OvYNAMIC
PRESSURE VALUES IN FEET MEAD UF wATER
THES SURNOUTINE MEADS @096 TIME SERIES VALUES AND AVERAGES TO OBTAIN
1034 VALUES FOR mAIN PROgHAM ANALYSIS
MGAGESGAGF NUMBEN
MUNTHEMUNTH OF RLCONDING
MOAYSHAY OF RECORDING
MTIMEeTIME UF RECORDING
HEALNARRAY OF AVERAGLD TIME SENIES vaLUES
BUBRUUTINE BUF (MGAGE ¢ MONTMoMDAY ¢MTIMEoREALY TVATEZEND)
DIMENSIUN CNTL(4094)014(93000)
DIMENSIUN REAL(1026)
LUGICAL END
13 LU {2 Juj,a00)
CNTLLJ)e0,0
12 CUNTINYE
BUFFER INC9e1)(1A(1)01A(9000))
IFCUNIT(9))10420030
20 20 PRINT f14CIA(I)e]0108)
t1 FURMAT(( PARLITY ERRUN ON{salY)
10 CUNT]INUE
MGAGERIA(L)
MUNTHEIA(2)
23 nDAYSIA(Y)
MTIMEsTACH)
IVATESTA(2)01ACI)¢1A(S)
ney
L0 29 Jel.009%
30 Ksne}
CNIL(J)e]aA(KR)
25 CNTL(J)eCNTL(J) 70000,
00 26 Juaodsea0%
26 SNVL(J)lcNtL(loOYJ
.

D0 27 (=1¢)028
:E:LiL)n(cNtL(J)o:uvL(Jol)ocnvktaoz)oCNVL(gol))Ic.
aJjes

27 CONTINUE

(1] RETURN

30 ENDs,TRUE,
RETURN
Enp

(e X N ol o RaXaR Yol o o

Figure 7. Listing of BUF subroutine.
V. SAMPLE OUTPUT

Three examples of output are presented for different dates for the wave
gage pair at Channel Islands Harbor (Fig. 8). The year the data was taken was
1975.

The first set of frequencies lists amplitude modules squared of wave data
having impossible direction results. The sum total of this energy (in decimal
percent) is listed as the quantity RSODD in the variable output at the bottom
of the output. In the case of the wave data taken on 7-26-1600, the inco-
herent data amounted to 0.004 (0.4 percent) of the total energy in the wave
record.

The second set of frequencies listed provides the wave direction for the
frequency bands having a significant part of the energy (22.5 percent). In
the case of the wave record taken on 7-26-1600, it is seen that the wave angle
is reasonably consistent from the frequency-to-frequency band and is approxi-
mately 0.70 radian (40.1°).

The variable list provided at the bottom of the sampled output gives
values of most importance in the analysis of wave information for longshore
energy flux. The longshore energy flux output is in pounds per second units;
the output in the first example is 89.23 pounds per second.

29
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Example 1

GAUGE NO, MUNTH DAy TIME
M Y 20 1600
312 ? 26 1600
1 s16mac(l) FHDBO(L)
3 2018408 «00002%
q 004844 «000018
$ 2030680 «000037
? 204298} «000036
9 4095223 000012
10 0061339 000021
1 2007498 «000048
f1a +08%903 0000009
24 0147202 000107
23 »153308 +000081
27 01035670 0000002
29 177942 0000099
30 «184078 «000040
32 0196350 2000066
33 0202485 «00002¢
[1] +237709 0000044
(1] 276117 2000001
(1} 2398838 «000093
1 81GHALLD) reY THETALD)
Y4 811106488 203904604 e 70274903
o8 o81720277 208032908 «7799808%
73 2847923230 02031281 0043%020
T4 «454035031 2103034198 209738413
7% s86019420 080890760 09198090
78 +87840208 002500013 «719123%¢
79 80473793 008437282 #$37913%
NBALPRe 201
DEPTH OF WATER AT GAUGE 81T¢w 23,2
AvGyw 2y0411 AVG2R 19,999
SuMse 229 SUM2a <234
ngUNie 2080 weyMae <0860
RATI01w 2730 RATIG2e 2.72
SUMENS 018433038
GREAKING wAyt HEIOHT N 3,03
BREAKING WAyE CELERITY COe 11,18
R$000w 00040 RBNFRGe 2413 ReLFRus 0178
PLPOOe 94.0021 PLNESe =8,8180
PLNETS 89,2271
Figure 8. Three examples of output for wave gage pair at Channel

Islands Harbor.
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Example 2
GAUGE NO, MONTH DAY TIME
313 1 20 1800
312 1 26 1800
1 S1uMall) FMDSO(I)
1 « 006130 0000169
2 012272 0000099
3 +018a08 *00000Y
s 00300680 2000013
[) 2069087 000006
9 0055223 «0001064
10 2001389 «000038
11 2007498 +000000
13 079767 0001068
16 008590} 0000201
19 «092039 0000137
16 «09817S «000110
18 e110aaY «00005%
19 011658) 2000061
23 161120 «000004
26 0459530 «000072
28 171800 «000008
30 s1840708 000020
3 190214 «000006
a2 0257709 «000028
58 2355884 000004
1 9IGHMAC]) PCT Thera(l)
Y] )24 « 0297502 « 75283813
18 40019434 002843310 63803227
76 «06633016 03143733 009542037
77 287246608 208237300 oT300aTRS
NSALFRe 203
DEPTH OF WAYER AT GAUGE SLTEm 24,0
AvGje 2z.208 AVO2e 20,808
SuMys «299 BUM2e «293
wiumMin «084 w8yM@e b078
RATIOYs 3.579 Ralluze 3101
SUMENS Jroteavo
BREAKING WAyE HEIGHT Mus 3.1
:nnnuc mavE CELERITY CBs 12,22 |
$000s «0048 RIHFRGa <3782 RyLFR
PLPOSe 12g,7138 PLNEGS *2%,87%4 LFRus c0110
PLNETa 100,080
Figure 8. Three examples of output for wave gage pair at Channel
Islands Harbor.-—Continued
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Example 3
GAUGE NO, MONTH TIME
My 1 20 2000
312 7 a6 2000
1 S10MA]) PHDEG(])
\ «006130 +000930
F voj22r2 000307
) 001084803 0000170
q 1024548 0000052
y 2042951 0000013
] 10490087 000021
10 «0061389 000018
12 073031 «0000748
13 0797067 «00008%
17 100311 - 000080
19 11658} «000008
23 st81f20 000011
32 + 190390 2000009
3a «208021 0000100
) «2147987 00001048
38 sR20893 000019
ap 0237709 200048
ss 3374708 2000136
" 08395691 0001082
1 sloMall) rct THETALL)
NBALFRS 202
OEPTH OF WATER AT QAUGE 8ITEs 23,9
AVGym 810702 AVA2® 20,287
FULTT) 233 sunge 2006
WeUMin 0073 WeUMBe + 081
RATIULS 30400 RATI029 3,09
SUMENa 035101937
BREAXING wAyE HEJOMT HBW® Jobb
BHREAKING wayE CELERIYY (B» 12,29
R80D0a ,0099 ROMFNUS «Se78 ROLFRGm ;0142
PLPOOe 13,3367 PLNEGE 40,2297

PLNETe 95,3070

Figure 8. Three examples of output for wave gage pair at Channel
Islands Harbor.-~Continued
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